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r^r.,-i>,f>rmi:e to Relate ApplicatioiB 

This application is related to U.S. provisiotml application serial number 

60/200 96S. filed 1 May 2000, and U.S. provisional application serial number 
Il05S0.fi,edSlu„e2000,^mwbicbapp.ica.ionspriorrt.isc,aimedpursuanUo35 

U.S.C. §119(0(1) and which applications a. incorporated herein by refer^ce m -herr 



entirety. 



jf^rhnical Field 

Tl,e invention relates to the fields of molecular biology and immunology, and 
generally relatesto nucleic acidimmunizationteohni,ues.Morespec,fically.theinven..o^ 

:::topo.ynuc,eoUdesencod.ganinfluen..t.en,andtonucleicacrdimmunt.^ 
Strategies employing such polynucleotides. 

Back ground 

Techniques for the injection of DNA and mRNA into mammalian tissue for the 
purposesof—ationagainstanexpressionproducthavebeendescribedinte^^^^^^^ 
Th!.echni,ues,.ermed"nucleicac,dimmun..ation.-hercin,havebeenshown^^^^^^ 
humoralandce,lWiated.nu„uneresponses..ore.amp.e,serafiomm.e — 
.lthaDNAcons.ructencod,ng.heenve,opeg.ycoprotein,gpl60.wereshowntoreac 

^.hrecomb,nantgpl60inimmunoassays,and,ymphocy.esftom.heiniect^m,.. 
.howntoprohferateinresponse.orecombinantgpl2aWanget..(1993)..o.-'. 
L. S«ar,y.mice — w-thahuman^— 

(hGH) gene demonstrated an ^tibody-based inunune response. Tang et al. (1992) 
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• f r»xr A pncodine influenza nucleoprotein 

p„.ec. mice agatast subsequent ,e*al challenge w,.h v,™s. Utaer al. 
;;'..enupbyn,yc.oHas...dcy.oplas»icproduc«onofvl„,pro.incould^ 
demonstrated for at least 6 months. 

s;nmmarvofth eteg^ig^ 
„ is a prunary obiec, of fl>e invention to provide a polynucleoHde vaccine 
„„,ositionconta.inganuc,e.cac,d.e,ucncetba.encodesatleaatone — 
M^Ligen. Tben„c,eicacidse,uenceisnotp.esen.inatecon,b,na„.vnalve tor. Ue 
rjosioncanbenscdasa.eagen.tnvatiousnuc.eicacid— tionsttate^es^ 
",.,sa,soapH.a.o,ectof.einven..ontop™videamctbodf.cl..t.s^^^ 

«,or^ influenza viruses in an immunized subject, ihe 

acc„.a,ng.o.heptesen.invention,thatis,acontpositioncontai.ngase^.cet..t 
.lea.tonc.fluen.vt™sM2anUse„. Exptessioncassettesand/otvecto. 

iLganyonconbenucletcacid — oftbeptesenttnv— 

„ansf=cttbecells,and.tansfectio„iscatriedontundetcond.t,on.tbatpetn,„^^^ 

leanUgenswitbintbesubJect.Tbe.c,l,odn.a,..b.e„tailoneo.«otestepsof 

admmistcring at least one secondaty composition to the subject. 

TheLrec«onp.oced„teca.edoutduHngd,eimm„ni.ationc»^ 

either ,„ v,vo, or ex v,V„ (e.g.. to obtain transtectcd cells which are subse,uently 
rducedmtothesubjectpnortocarry.ngout.hesccondaryimm™.ons..^^ 

.v.transfect.onisused,therecombmant„uc,e.cac.dmo,eculescanbe^^^^^^^^ 

U^esubjectbywayofintramuscular or intradermal iniection of plasmrdDNA or. 

;:;erI.y,aLinis,eredtothesubiectus.ngaparac,e.mediateddel.verytec.^^^^^ 



APF 40.01 
PATENT 



Seco„da,yvacci„eco™po.«onsca„inc.udeU,eM2a„.iSenofi„.eres..oro.her — 
antigens in fte form of any suitable vaccine composition, for example, in me fo™ of a 
peptide subum. composition, in the form of a nucleic acid vaccine composition, or m the 
form of a whole or split virus inHuenza vaccine composition. 

Advantages of the present invention include, but are not limited to: (i) provrdmg 
recombinantpolynucleotidesencodinganinfluenzavi^sMi antigen; andOOuseofthese 

polynucleoUdes as reagents in nucleic acid immunization strategies to attain a broadly 
protective immune response against influenza vims infection 

TT,ese and other objects, aspects, embodiments and advantages of the present 

herein. 

pr^pf npsrriptior Drawings 
^Figure 1 dep,c.% amino acid se,uence alignment of the ex^cellular domains of 
ti,e^protei„sof37 dLen,.nfluenzatypeAstiains,whereinthe amino acid^^^^^^ 

bold text denote the vari^le amino acid positions 

^^Figure 2 showstte M2 coding sequence for the influenza strain 
A«;goshima/10/95 (hW ma. was used in flte methods of Example 1. 

Figme 3 is a r^tricion map and functional map of plasmid pM2.FL titat encodes 
an influenza U2 protein. The M2 coding sequence of pM2-FL was derived using «>e 
RNA of influenza virus A/Sydney/5/97 (H3N2) as a template. 

^^igure 5 depicts the geometric mean levels of influenza virus in the vaccinated and 
control animals assessed in the stady of Example 5. 
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nptmled DescriB tionofthelnvgitf^ 
Before describing *e present invention in de.ai,, i. is .0 be understood that .bis 
,.en.onisno.,Uni.edtopariicn,ar.yexen,p>.iiedtno,eo„,esorprocessp— s. 
:r„fconrse,var,.UUaIso.obennderstood.bat.beter».o,o.,usedbere.n.sfort>. 

ose of describingparticnlar embodiments of the invenUon oniy, and is no. .ntended to 
: — .epracHoeofthepresent — 
boated eonvent.ona, — „fv..o.,.i—,™^^^^^ 
...tec...esand.— ..ofwhioh.e.it.n.— 

techniques are explained Mly in the hterature. See. e.g., Sambrook. e 
aoMns- .i«M.™aU2ndEdition, 1989); 
*lMol.l.n(a01over,..,;0«.— .^^^^^^^ 
, Pracica, Gu,,e ,0 MoUclar Conins (1984); and V-olo^y. 2nd 

i Edition, vol.I&n(B.N. Fields andD.M.Knipe,eds.). 

r .3 ;„p„bUcations,patentsandpa.entappUca.ionsci.edhe.ein,whed,er»p™o, 

S ,.„/„,areherebyinco,pora.edbyreferenceintheiren.ire.y. 

W umus.beno.ed.ha.,asusedin4isspecif,oa.io„andmeappendedcla,ms,.he 

i .Jflv'Wand...he..„clndeplnralreferen.s„nless.hecon.entclearlyd.cta^^^ 
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otherwise 

Definitions 



Definitions 

«ess deftned ofterwise. all .echnical and scien.if,c .e^s used heren, have *e 
3^en,eantngasconnno„lyunderstoodbyone„f„rdinarys,ci,li„thearttowh,chthe 

ren.ionpIins.Altbou^anun,berofn,ethodsand — sintilarorequtv.^^^^^ 
Ledescledherei„canbeus.h,theprac.iceof.hepresen.inven.ion,theprefe„ed 

materials and methods are described herein. 
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intended to be defined as indicated below. 

„„c,eic acid .olecul. encoding one or n>o. selected antigens into a host ceU for .he ,„ 
lpress.onor.heantigenorantigens..ennc,etcacidn.o,ecn.ec.^^^^^^^^ 
airect,yin.o.herecipients„.jec.,s«chashysta„d.dintra.nnsc„.arornnradern,. 

..ecti L — . p^iCe « — topicaUy, or hy ora,, n,tranasal or 
Isa.n,odesofadr,.nistrati„n.Then.o.ecnleaitenra«ve,ycanhe.trod„ced.^ 
Tc Lwhichhaveheenr^oved^n-asnhiect. h.tHs,anercase,ce«soont.™^^^^^ 

licacidn,„,ecn,eortn.e.s.arere..trodnced.nto.hesn.ectsuch.ha._ 
.sponseca„ben.ountedagainstti,eanUgenencodedby,he„uo,e,cac,d.oiecu,e. The 

:Lacidn,o,ecn,esns..snchinnn„ni.atto„aregenera..yreferreatohere.nas 

"nucleic acid vaccines." -^..onNA 
By "core carrier" is meant a carrier on which a guest nucletc acrd (e.g.. DNA 
^^,iscoa.edinordertointpartade«nedpartic,esi.aswenasas«.^ 

.ensil.oacMeve.hen.onrentt™re,n.edrorce,,n,e™hr.epenetr.on,s«^^^^^^^^^^ 

,estn.oiec„Iec.bedehver.usingpartic.e.n,ediatedtechni<,ues(see,e.g.U.™ 

HO 5 .00792). Corecarriers.ypica„yinc.uden.ateria,ss„chas^gs.en.golipU>nnn,. 

ferrit:,po;ys.yreneand.atex.Seee.g,P.«*«o— ».-*-'"^/^^ 
Li >9,4,Vang,N.ed.,OxfordUn.vers.tyPress,NewVor.NVpages .U. 

By Wieiess syringe" is meant an instrtnnent which delivers a parhculate 
..posttiontransdermallywithonttheaidofaconventionalneedleto^^^^^^^ 
needleless syringes rornsewiththepresentinventionarediscussedthrou^ontthts 

"'he term • Werma." delivety intends intradermal (e.g. into the dennis or 
cpide,mis,..ra„sdermal(e.g.-Vercutaneons-,a„dtransm„cosaladn.nist^^^^^^^ 
delivery bypassage of an agent into orthrough skin or mucosaltissne. See. e.,.. 
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Drus Deli^ry: Developmental Issues and ResearcH M,U.,i«s, 
Ha.^anaGuy,edsO,Ma.e.,.«.e.I.c.,(.9S,,.Co„««^0™.~ 
.„„^«„.. W .PP«C.«0., Robinson and Ue (edsO, Ma... De«.. 

and Transdennal Delivery ofDru,s. Vo,s. 1-3. Kydoniens and Bemer (eds.). CRC 

(.987). Tl,ns.dae,em encompasses delivery fton, a needleless syringe dehve, as 
described inU.S.Pa.en,No.5,630.796, as well as parfele-medialeddehven, as 

<iescribedinU.S.PatentNo. 5,865,796. 

A "polypeptide" is used in i. broadest sense ,o refer to a compound of two or 
.oresubuni. amino acids, ^noacidanaloss, or „d,erpep.idon.n,eties.Il.esub„nrts 

may be .inked by peptide bonds or by other bonds, for example ester, ether, etc. As used 
herein.«reterm"aminoacid"referstoei.bernamra.and/orunnatura.orsyntbet,cam,no 

acids, inCudinssiycineandboththeDorLoptica. isomers, and amino acidanaiogs and 
peptidomimetics. A peptide of three or more amino acids is commonly ca,.ed an 

typica..y caUed a po.ypeptide or a protein. 

A„ "antigen" refers to any agent, general.y a macromo.ecule. whtch can ehct an 
in^^uCogtcairesponseinanindividuaLUetermmaybeusedtorefertoanindividua, 

„.ec„.e or to a homogeneous or heterogeneous population of anfgenrc 
„lecules.Asusedherein,"antigen"isgeneral,yusedtorefertoapro.emmo.ecu.e 

orportion drereofwhichoontains one ormore epitopes. Forpurposes of d>e present 

inventton, antigens canheobtainedor derived ..omanyappropriatesource.Fur^ermo^ 
forpurposesofthepresen,invention,an"anrigen"inc,udesaproteinhav,nsmod.ficat,os. 

i:deletions.add.t,onsandsubst..t.ons(gene.Uyconservatrve,n„ature)to*^^ 
3e,„ence.so,ongasthep,oteinmarn.ainssuffic.entimmur,ogenicity.Thesemo.^^^^^^^^^ 

„ay be deliberate, for example throng site-teected mutagenesis, or may be a^.dental, 

such as through mutations of hosts which produce the antigens. 

By "subunit vaccine" is meantavaceme composition whichincludes one or more 
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selected antigens b«. no. all antigens, derived .on, or homologous .0. an antigen fton, a 
pathogen of interest such as from a virus, bacteriun,, parasite or 6^. Such a 
composition is substantially free of intact pathogen cells or pathogemc particles, or ,s the 
l^sate of such cells or particles. Thus, a "subunit vaccine" can be prepared from a. least 
partially purified (preferably substantially purified) immunogenic polypeptides from the 

vaccine can titus include standard purification techniques, recombinant productton, or 
synthetic production. Commercially available influenza subunit vaccines include flte 
FLUVDUN™ (Evans Medical Limited, Medeva) product which is a punfied surface 

antigen (HA) preparation. 

Tl,e term 'Nvhole virus vaccine" refers to a vaccine composition that contatns enttre 
virionsthat havebeeninactivatedor killed. An exampleofawholevinrs vaccines the 

i^tivated poliovirus vaccine. A "live aUenuated virus vaccine" refers to whole vtrus 
vaccine formed with an infectiousbut weakened virus stramthatinducesimmumtybutno 

diseaseinavaccinatedsubiect. Such strains a. generally weakened by virus culture m 

measles, mumps and rabella vaccines. 

By "split vaccine" is mean, a valine composition that is constituted of vnons *a, 
havebeen subjected to freatment with agents such as detergents which dissolve hprds to 

disruptthevirions,aIlowing.heremovalofpyrogenicsubstances. The term can be used 
Jhangeablywidt.hete.n,s"splitv.rus,">l«vinon"a„d"splUantige.^^^^^^^^^^ 
san,e meaning herein. Commercially available Muenza split vaccmes mclude tire FLU- 
SHBLD™ (Wyeth-Uderle Laboratories) product, the FLUZONE™ (Pasteur-Meneux 
Comtaught laboratories) product and the FLUOGENTm (Parkdale) product. 

An "immune response" against an antigen of interest is the development m an 
individual of a huntoral and/or a cellular munune response to that antigen. For purposes of 
the present invention, a "humoral immune response" refers to an immune response 
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. , while a "cellular immune response" is one mediated by T- 
mediated by antibody molecules, while a ceiiuia 

lymphocytes and/or other white blood cells. 

herei„a.drefertoapo.ymericformofnucleotidesof»ylenga,,e,th=r 

I^Wc.eoad.o,n.nuc,=o«es,..alo..e^f.P^^^^^^^^^^ 
^,Ld— s.».u.e.and™aype*nnan,^e«on,.ow„o,— . ^ 

J,.„Se.a.p>esofpo,v„ue.eo«desi„c.dea.e„e,asene.a^=n..e^^^^ 
„erRNA(n*NA).«a„sf«RNA.ribosomalKNA,ribozyn,es,cDNA. 

:lL.po..uc,eo«.,.^c.edpo..„c«^^^^ 

of any sequence, isolated BNA of any sequence, nucleic acid probes, and pnmers. 

;po.ynucieo.deis.ypicanycon.posedofaspecificse,nence„ffou.n«^^^^^^^^^ 

..es:adeL(A.cy.osine(C..anine(G,and.yn,ine(T,(n.c.,CU)r.^^^^^^^ 

.ben me polynucleotide is RHA). Thus, U,e lenn nucleic acid s«,uence .s d,e a.p,.be.,cal 
:„senlnofapolynuc.eo«e.olecu.e.T.salpbabeacal,eptese^^^^^ 
.Ltabases.„acon,putetbavinsace„«alp™un..andusedf„tb.o— cs 

applications such as fcnctional genomics and homology searching. 

A • W is capable of transferring nucleic acid sequences to target cells (e.g., 
viral vectors, non-vira, vectors, particulate carriers, and liposon.es,. Typically, -ector 
constrnct,"-.e.pressionvec.„r.-.and.-gene.r.sfervector,"nreanat,yn.^^^^^^^ 
.nstruetcapableofdirectingtheexpressionofageneofh-terestandwhtchcan™^^^ 
,enese,ue„cest„targetceUs.Thus..hetenniucludescloninsande.press.o„ve.c,e^^^ 
Lllasviralvectors.A',las.nid..tsav.torinthefomr„fa„ext.cbrontosonra,ge„et.c 

A nucletc acid sequence which "encodes" a selected antigen is a nucletc acid 
molecule whtohist,anscribed,inthecaseofDNA,andtranslated(i„thecaseofn*NA) 

in.oapolypept.de ,..vov.henplacedt.derthec„ntrolofappropriate.egulat„ry 
L^neLrTheboundariesofthecodingsequencearedeterntinedbyastartcodonatthe 
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:^.;o.*e— ,su.nuc.eac.se,ue.esca„«.e,..a.^^^^^^^ 
rNA.^n,viraI,proca.yoUco,=uoa,yo.ic™RNA,senon.c sequence. .o.v,».o, 

p„oa,yoUcDNAorRNA.an<.evensy„*eacDNAse,.ences.A«a„scnp- 
.e™i„aUo„s^ue„cen,aybeloca.ed3'to.hecodingse,ue„ce. 

A r is a nucleotide sequence which initiates and reflates transcnpfo 

ofapoji— SPO..»o,eo.ide.Pton.otetsca„inc«^ 
lj.r-ionofapo,y„uc«idese,ue„ceope.h,y«n.edtothep,o,noter.s 

:redhanana,yte,co.c.„t,te.,ato.p.otet.etcO,.p..si«ep— 
„p,essionofapo,ynuc.e„uaese,ue„ceopetah,yhn.^tothep.n,tet.^^^^^^^ 
jana,yte.cofao.or,tegu,atotyptotei„.etc0.andco„.it«tivep,on,o.e«.htst„.en^^^^ 

:ttheL..ton.otet..o..conttoU.e.ent"utc,udes.U...ensthpton,ot„^ 

* tetional (eg., controls transcripfon or translation) segntents of these regtons. 

S ..0 elyU^ed..referstoanarrangente„tofe,e.eutswhere..hecon.ponen 

r , .descHhedarecontiguredsoast„perfom,theirusua.«tnct.on.Thus,astvenp.^er 
„perahly.in.edtoa„ue,eicaeidse,ue„oeiscapah,eoreffec«„sth=express.o ofth . 
ZJewhenthepropereu^esarepr^t-Theprontoterneednotheco.^^^ 

Ithese,uence,s„longastt.nc.io„stoduectthee.presston^hereoJ2^^ 
exantp,e.interveninsun.ranslatedyettra„scrihedse,ue„cesc3nhepresenthe.we»^ 
pJterse,uenceandthe„ucleicacidse,uenceandthepro,no.erse,uencecanst„lhe 

■A ..A "nnprablv linked" to the coding sequence. 

•tsuscdhere.ntodesc.heanucle.cacid^ol^^^^ 

of genontic. cDNA, semisynthetic, or synthetic origin which, hy virtue of its or,.n or 
::pnlati:n,snotassoc.a.edw,thalloraport,o„ofthepolynuc^^^^^ 
Jatedinnature^d/orislinkedtoapolynncleotideotherthanthattowhtchttsl,^^ 

rlture.Twonucleicacidse,uenceswhicharecontainedwithinash,,ereconth.„a„. 
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„„o,eicacid™o,ee„leare.Wosou3"re.a.ive.oeachofl,e.whe„.heyare„o.„o™an, 

associated with each other ill nature. 

Techniques for detenniniug nucleic acid and amino acid "scuence idenu./ 
-.se,uencehonio.og/'alsoa.Unowni„thear.. Typically, such techniques include 
deter,„iningthe„ucleo.idese,uence„ftheniRNArorageneand/ordeter^i.n,,l,e^^^^ 
acid sequence e„coded.herehy,andconiparh.sthesesec,uencestoasecondnucleoie^ 
a^oaeidsequence.higeneral,«'referst„anexactnucle„tide-.o— ^ 
an^no acid-to-amino acid correspondence of two polynucleoddes or polypeptide 
sequences, respectively. Two or more sequences (polynucleotide or amhio acid) canbe 
eonlpa«lbydetem,ini.g.heir••percentidentity.••Thepe«entidentityof^»osequences, 

whediernucleicacidor amino acid sequences, isthenumberofexactnia.cheshe^.ee„ 

„o aliped sequences divided by the leng^ of the shorter sequences and multiphe^ by 
,00. A„ approximate anient for nucleic acid sequences is provided by the local 

homo,o.alsoH.hmofSmithandWate,man,Ad™««^ 

4S9 (1981). rus algorithm can be applied to amino acid sequences by usuig the scoring 

ma.Hxdeve,„pedbyDayhoff...Mm»^ 

ed Ssuppl 3:353-358,NationalBiom«iicalResearchFoundation,Washing.on.D.C., 

Us'a andnomiahzedby GHbs.ov.M..LA« ^ . 

exemplary implementationofthisalgoritbrntodeterminepercentidentityofasequence IS 

provided by the Genetics Computer Group (Madison, WI) in the "BestFit" utility 
application. The default parameters for this method are described in the Wisconsin 
SequenceAna,ysisPaclcagePro^mManua,.VersionS(1995)(availableftomGeneUcs 

computer Group. Madison, WI). A preferr«i method of estabhshing pe^eut identity m 
.be context of the present invention ,s to use the MPSRCH package of programs 
eopyri^ted by the University of Edinburgh, developed by lohn F. Collins and Shane S. 
sll=,anddistribu.edbyhitelliGenetics,hic.,Mo«ntah,View,CA,Fromthissu,teof 

packagesdie smith-waterman algorithmcanbeemployedwheredefauuparameters are 
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.ed for the scoring .able (for ex».p.e, gap open penalty of .2. gap extension penalty of 
o„e,a„dagapotslx,.Fton..hed.agenetate.the"Ma.e.Walue.eflects"se,ue^^ 
identity;- Other s„i.ablepwan,s for calcula,ing.hepe..en,,denU,y or sumlantybetw^ 

sequences are generally known in the art. for ex^p.e. another alig^nent progran, ,s 
BLAST.usedwithdefauUparanreters. For example. BLASW and BLASTP can be 
nsednsingthefollo«ingdefauUparameters:geneHccode=—,fi.ter = no„e. strand 
= both- cutoff= 60; expects 10; Matrix = BLOSUM62; Descriptions = 50 sequences; 
sort by . HIGH SCORE; Databases - non-redund^t. GenBanl. + EMBL . DDBJ . 
PDB . GenBan. CDS translauons . Swiss protein . Spupdate . Pm. Details of these 
p„^s can be found a. dre following interne, addt^s; h«p;//www.ncbi.nhn.gov/cg- 

bin/BLAST. 

Altema«vely. homology can be de.ermined by hybridiza.ion of polynucleohdes 
under conditions which form siable duplexes belween homologous regions, followed by 
digest,onwithsi„gle-stranded-speci.icnuclease(s),andsizede.erminationof*ed,g.^^ 

,ia^en.s.TwoDNA.„rtwopolypeptidese,uencesare"substan.ia,lyhomologousto 
eacho«rerwhe„these,ue„c«exhibitatleastabout80%.S5./o.preferablyatleasta^out 

90% and most preferably at least about 95%-98«/. sec,uencc identity over a defined length 
ofthlmolecules.asde.erminedusing*emethodsabove.Asusedherein.sub— ^ 

homologous also refers to sequences showing complete identity to the specified DNA or 
polypeptide sequence. DNA sequences that are substantially homologous can be 
Identified in a Soutbenr hybridi.a.ion experimen. under, for example, stringent condutons, 
. defmed for .ha. particular system. For example, strrngen. hybridiza.ion condi.ions can 
Mude 50r, formanride, 5x De^ardfs Solution, 5x SSC. 0.1% SDS and 1^ Hg/m 
denatured salmon sperm DNA and the washing conditions can include 2x SSC. 0.1 /o 
SDS a. ire followed by Ix SSC, 0.1% SDS a. 68"C. Defining appropr,a.e 
hybridization condi.ions is wimin *e skill of *e art. See, e.g.. Sambrook et a,., supra; 
DNA Clming. supra; Nucleic Acid Hybridization, supra. 
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The .e™ "adiuv^r in.e„ds any materia, or composiUon capable of specifically or 
„„„.pecificallyal.^.e«di.ccU„g.redirecUns,po.en«a.l„sori^^^^^^^ 

..,Lpec.ficl™nunerespo„..T..,coa.„un...«Uo„o^ 

Jre-inalower.oseorfeweraosesofan.isen.el„.„ece.^»ac.evea.s.«^ 
,I.ere.o,«.n.esu.ecU„w.cl,.ean«senlsaa«lnUW,„rc„.— ^ 
„ayresuUi„a,uaHuUve.ya„d/or,uan.i..We.ydiffere„.i,™,u„e.^^^^^ 
The~.ofanaaiuva„.ca„.ede.en„ined.yad.i.is.H„s.heaa,va^^ 

..cineco.po..ion.paraUelwi.vaccineco«po..o„alo„e.oa„lma.^ 
»«.odyan.„rcelMar-.edia.ed — in.e.wo^upsusi«,s.a.dan.assays.^^ 

33 red— oassay, ELISAs. CTL assays, and U,e Ite all well known .n *e a« 
Typically, in a vaccine composition, .he adiuvan. is a separate tnoiety from the a,>t. e„. 
although a single molecnle can have hoth adinv». and anUgen ptoperUes ,e.,. cholera 

'"'"'An-adjuvantcomposition-MntendsanypharmaceuUcal composition contaim^^^^^ 
adiuva„t.AdjnvantcomposiUonscanhedeUveredinthemethodsofthe invention whtlem 

anystutablephannaceu.ica,fonn,forexample,asali,uid,powder.cream.lot,on, 

Isio..gIortheU.e.However.preferredad.vantcompos.tionswillhe,npar.c„,ate 

f„m,Itisintended.a,though«ota,waysexpacitlystated.thatmolec„.eshav,ngs,m,lar 

hiolo,ca,activ,tyaswild-.ypeorpnri«edpeptideorchemicaladjuvants.and„nce.cactd 

encodtngad^nvantmoWescanheusedwithinthespiritandscopeofthemventton. 

The terms "individual" and "subjecf are used interchangeably herem to refer 

any member of the subphylum cordata, .ncludin, without Wtation, humans and other 
pnLtes..ncludingnon.h™,anprimatessuchasch.mpan.eesandotberapesandmo^ey 

spec.es; fanna„imalssuchascatt.e.sheep.pigs, goats andhorses^domesttcmanuna. 

lasdogsandcats,ab„ratoryani.^sh.clnding..dentssuchasmice,ra.sand^^ 
p,gs;birds.includingdomestic. wild andgamebtrds such aschicl.ens.h..eysa.^dothr 
gaLceousbiras, dues, geese. andtheUkcThete^tsdonotdenoteaparttcular age. 
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Thus, boo, adul. newbon. individuals are intended .o be covered The me*ods 
systems of all of these vertebrates operate similarly. 



immune i 



General Overview 

The preset invention provdes novel nucleic acid molecules containing a se,uenee 

recombinant viral vector. These molecules are usefttl in eliciting an immune respond rn a 
.hjectagainstinfl„enzavi™s.h,par.icu,ar,thepresentinven,orshavedet^,nedthat, 

surprisinsly,anucleicacidi,nmunizationtechni,ue(e..panicleWia.eddehveryo^^ 

carrier particles coated with the nucleic acid molecules of the present inventton) can be 
usedtoelicitanimmuneresponseagainstinfluenzavirusinanimmunizedsubject, and that 

.hcresultantunntuneresponseprovidesprotectionagainstdrsease associated wtthmfectron 
of essentrally al, influenza virus type A strains due to the exceptionally high degree of 
sequence conservation m the M2 protein among these different strams. 

IJluenza viruses type A and type B are members of the family of 
orthomyxoviruses and are important human pathogens. In particular, influenza, an acute 
ilhress caused by infection of the respiratory tract with influenza A or B virus, causes 
.gnifieantmorbidityandmortalityworldwideduetore^laroutbrealcsoccn^ngn^^^^^^ 

every ye., necessitating annual vaccination in at-rislc population groups such as the el erly 
and immunocompromised individuals. Muenza also has the potentra, to be catastrophrc 
auetoperiodiceptdemicsandpandemicscaus^ibynewlyemerginginfluenzavtr^s^a.^ 

These new stains emerge due to the phenomena of ^tigentc drift and antigen, shtft m 

Antigenic drift and shift events resuh in new strains that can avoid pre-exisung immune 
responses in individuals establishedbypriorvaccinationorprior infection Annual 

vaccination is thus required for these viruses. 
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substituted tot the hotnologou. or sitnilar se^ent of the other vttus. 

T.enucleocapstdc„reofu,nue,.a.ypeAandBviruseseon.a,nsthe8BNA 

.^en..3ndU.„„dw,.h.ahp.deuve,ope(o.oe„u,at„H.n,a.on.wi..ve^^ 

3r».,and.t„— P-ins.ha.,nc.denue,eoptote.m.natn.^^ 

„„— (PBl.PB2.andPA).a.dno„structu,a,(NSl and NS2) molecules. 
Clu^toth— eattdexposedtotheoutetsurfaeeorthevltusatetwo,,,^^ 

Zlns>ehe.ass..^nClU)a„dueuta..,dase(NA).yco^^^^^^^^^^ 
!:i.ot,ne.htaueptote,n,M..s.u„dtus.al.<^.Hies.Oto.O — pet 

'"'New influenzav^ strains atisehypoint — ofudtviduauenesandh, 

„eu.of.heSge„o,uicKNAses,„euts.he„a„.dWidu.lota..al^t^^^^^^^ 

.„uUa„eouslywUh.uo..thano„evtta,st.t..Po.nt,uutationsthattesuU 

3e,ueucechat,sesi„.heHAotNA,enesatetesponsihlefottKepheuo,ueuou.t 

.«i,entc drift." AtttlgeuicdrittoccutsinhothtvpeAaudtypeBv^ses. m 
phenLenouofteassotttnentlstespousthletof-genio Shir thatoccuts when an 
phenomeno „,„ha or NA gene by virtue virtue ofhavmg acquired a 

ir,fluenzatypeAv,msacqmresanewHAorNAge y ,^ . ._3Have 

■ ■ i, «i=limitedtotvpe A viruses smce type A viruses nave 
new RNA segment. Antigemc shift is limitea to type 

"™ ^ . , . A, HA and NA genes. Multiple serotypes of the 

multiple serotypes circulating for both the HA and NA g 
HA and NA genes of the type B viruses do not exist. 

%heHAandKAantigens(themaiors^aceglycoproteh.,arethein,portat,t 

.,gensintermsofp.»tectiveinmtnm.yaga.nstinftue„.av^s..ect,on.— ^ 
.tiLdyresponsesaredirectedpredomina„tlyag.nsttheHAgeneproduct.d,toa 
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,alsoairec.eaa,ains.*eHAge„eprod„c.,b„t«sreponseH.e>yp.ay.aUn^.ea™^^ 

p„vidi„gp™,ec«vei— ty again. disea.. T.eNP.PBl.PB2,PA,M>.M2.d 
NSlandNS2pro.einsofini.uenzavin.es are™ar.ed.y»oreco„se„edbe.wee«s«^^ 
a„dn,u.a,ionsinthesegenesdono.playaro.ei..hephenon,enaofan.igenicdnftand 

antieenic shift. 

Cunen. iieensed influenza vaccine product, are derived from influenza vrus ^w„ 

to egg. which is *en inactivated «, provide whole virus vaccine compositions, or fi^er 
pJessedtoprovidcspUtvintsvaceinecompositionsorpuriflcdsurraceantigenvaccne 

compositions. MlotthesevaccineproductstargettheHAand/orNAantigensasthese 
.econside^tobethen.ostinrpor.anttargetsforthe,nductio„ofan.ih«iyresponsesv.a 

vaccination. While antibody and cellular in»une responses arise against other .nfluenza 

a^agens. it has been amply demonstrated that protective immunity is medtated 
p^edommantlybyserumandmucosalantibodyresponsesspecifcfortheHAandNA 

.tigens.Animalmode,ssupportthisdo^ainwhichithasbeenshownthatpassrve 
„ansfer of monoclonal antibodies to HA or NA antigens is protective against challenge. 
wHereas passive transfer of antibodies specific for NP or M antigens provides UMe or no 
p^tection at all. AsRonas et al. (19S2) "The immune response to influenza vin^scs and 
problemofprotection against intection,"in...cWwW'>./'"-—-«-^ 

A S ed CRC Press, Boca Raton FL, ppl59-188. 

to contrast to HA and NA, the influenza M2 anUgen has generally been i^ored as 

a vaccine candidate due to Ore hmtting quantities of M2 on influenza virions and the fact 
« M2-spec,fic antibodies that arise in patients following infection are wca,. trans.ent and 
sporadic. Black etal. (1993) K,ro/. H:143-146. However, unlike the HA and 

NA antigens, the M2 protein is very htghly conserved throughout all influenza type A 
.dates, independent of subtype. The hi^ degree of conservation of M2 among all A 
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„.^a. reason ,o an vin. intecUon. If na«^ M2-specific «spo„ses were 

for considerable heterogeneity in the M2 an,in„ acid se,uence such as drere rs for HA and 

Bven.honghM.-specif,cantihodyresponsesare„o.ah„„dan.,yinducedfo,io2 
a„aU.raiinfectio.recen.a«e«p.,oprodnceaUernativei„flne„zavacci„eshavenseaM. 

as a poten^al vaccine antigen, where recombinant U2 proteins, or M2 subt^gments. have 
heenproduced.recontbtaantexpressionsystentsandusedascandidatesuhnnv^^^^^^ 
(see e g Internationa. Publication Nos. WO 93/03173. published .8 February 1993. 

aDThebasicassumptionbehindtheuseofrecombinantMZ proteins in these vacctne 
IposiUonsisUtatthey Should induceantore vigorous a„ddurableM2-specif,c.espon. 

fl,an otherwise elicited in a natural infection. This effect has in fact been reported by 
several^upswhiohproduc«i.heM2protein(orpartsth=reof)inrecon,binant 

expression systentsandthenuseddtesa^easarecontbtnantsubunitvaccinetn™. 
(Slepushlcin et al. (1995) Vaccine U:n99-1402; Frace et al. (.999) V.cci„e 11:2237. 
2244- and Neirynck et al. (1999) Na,^e Me,. 5:1157-1 163). h, all three cases. M2- 
specific antibodyresponses elicitedby vaccination were capable otprotectingnuce fion, 
deaft (but no. infection) in a lethal mouse influenza challenge model. 

M hght of the rela^ve successes seen with recombinant M2 vaccine compostttons. 
i. „ay ftat the use ota Uve virus vector to supply M2 antigen ■„ v,Vo would be an 

However.instar.contrasttosuchexpectations.past attempts atimmunt.at,o„by,nserting 

a DNA scuence encod,ng the M2 protein in vaccinia virus recombinant vectors and 
i^runizingmiceand ferrets withsuchvectorsbave failed, resultinginnotneasurabe 

vaccineprotectio„(Epsteinetal.,.993)...~".'.m5484-5493a„dla.emanetal. 
(1989)7 Gen. KW. 70:1523-1531). From this obsmation. it seems that M2 
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exp.ssio„ induced . Wvo (e.g.. by namral influenza vin,s infection or by nuc,e.c acd 
i™„„i.Uon.ec,»i,ues,isnoUffec«veininducingpro.ec«veM2.pecific.^^^^^^ 
.sponses. to c„n«as, .be fonnulation otM2 recombiuan. subuni. protein., protem 
;lents,orft.ionp.o.ein.see.n.bet..s.iteafortbee,ici.a.ionof«^ 

infection. ♦ o 

AS noted above, the present invention relates to the surprising dtscovery that a 
„..eicacidinnnunizationtechni,„ccanbe„sed.oprovidearobus..M2.specificin^^^ 

Ien.adisease.Thus.inoneen,bodunen.of.heinve„tion.apo,ynuc,e„..devacc,ne 

composition is provided, whercn the composition cont^ns a nucleic acid sequence 
encoding an influenza vi™sM2anUgen. The nucleic acid sequence is not present ,n a 
^ombinantviral vector. T.eM2antigenisobtainedor derived ftom,heM2prote,nof 

„fluenzatypeAvirus.TheM2prote,nonnfluen.typeAv.rusisasn,al.^^^^^^^^^^ 
i„,e^l membrane protein. M2 is found tn limtted quantities in the v,non (Zebedee al. 
„98« J Virol. 52:2762-2772). but in much larger quantities integrated mto the 
„emb.aneof»infec.edcell(Lambetal.(m3)««:a27-633,. M2isa^em 
i^egralmembraneprotetninthatitsN-terminusisexposedtotheoutstdeofthecelbut 

lacsacleavablesi^lpeptidesequence. Adjacent to the 24 amino acid N— 
e.tracellulardomainisal,am,noacidtra„smembranedomain.f*wedbya5 a^^^^ 
acid cytoplasmic tail at,beC.tennmus.TheM2proteinexistsind,emembraneofmfected 

ce„s and virions asahomotetramerc„mposedofnvod,sumdelinl.eddimers that are 
,„achednoncovalen.ly.TheM2homo.etramerhas.„ncham,e,activity.hat,srequ,redfor 

completion ofthe influenza infectious cycle. 

Fl^e 1 sho»s a sequence comparison of the 24 amino acid extracellular domam 
„fU,eM2proteinftom37dr,rerenti„flue.atypeA,sola.es.mse37isolatesr^res»^ 

a span of 61 years of evolutionary history of the influenza A and include three dtfferent 
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subwes (H3N2. ffiN2. H.Nl). As noted in to fi^re. *ere are only ^v„ vanab.e 
a™™ acid positions in the ex^ceUula, domain among the 37 isolates (amino ac.d 
positions 16 and 21). Moreover, e^h of these two positions has only two possible ammo 
acid residues and only three combinations of the two variable positions are observed, 
acid residues v,SLLTEVETPIRNEWECRCNGSSD (SEQ 

resulting in only three extracellular domains. MSLLl tVEirmi 
IDNO l)- MSLLTEVETPKNEWGCRCNDSSD (SEQ !DN0:2); and 
MSLLTEVETPmNEWGCRCNGSSD (SEQ ID N0:3). Thus, in certain embodiments, 
fte present polynucleotide vaccine compositions cont.„ a nucleic acid sequence encoding 
an i„ vims M2 polypeptide that comprises the amino acid se,uence of one or more 
of SEQ IDNO:l, SEQ ID N0:2. SEQ ID N0:3, or hybridsor combinations thereof. In 
o„eparticu,arembodiment,ahybndse,uenceisusedwherethe first variableami^^ 
p„si.ionwasderivedftomtheM2se,uenceofinfluenza virus A/Kagoshima/10/95andthe 

second variable amino acid position was denved from the M2 se,uence of influenza vims 
A/Sydney. THis pariicular M2-encoding sequence is present in the vector pM2-FL 
aescribedindetailhereinbelow.Thehi^degreeof conservation withinM2 from various 

isolates suggests that the vaccine str^e^es of the present invention have the potential to 
elicit antibody responses that are broadly protective. 

The polynucleotide vaccine compositions of the invention can be used as 
standalone vaccines, or aspartotamulti-componen. vaccine composition. For example, 

i„ a multi-component vaccine composition, the pr«en. nucleic acid molecules are 
combined with additional nucleic acid molecules encoding additional influenza antigens 
known to be important for providing p^tection agamst influenza, for example, molecules 
containing sequences that encode influenza HA or NA antigens. Alte— , die multl- 
component vaccine composition may contain conventional whole virus, split virus or 
porified viral subunit influenza vaccine preparations that are rich in the HA antigen. These 
additional components help provide immune responses that are more strain-specific due to 
.he variability of the HA and NA antigens from strain to strain, and from year to year. The 
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M2 nucleic acid vaccine component of U>e. n,u..i-con,ponent vaccine oomposi.ons helps 
c„n,plen,cnt the efficacy of .hese more ».i.ional.y based influenza vaccine con,posU,ons 
byallowingforbroadlyprotecive^fterthansttain-specifcinnnuneresponsesm 

vaccinated subiects. Thus, the invention p^vides more effective vaccines and methods of 
inmiunization against infection with influenza vims. 



Polynucleotides 

to one embodiment, a recombin^t polynucleotide vaccine composition is 

provided. The composition includes one or more nucleic ac,d molecules fta. contain a 

sequence encoding . influenza virus M2 antigen. In one particular embodiment, a cocktarl 

of nucleic acid molecules is provided, where at least one nucleic acid molecule m the 

cocktail has a sequence encoding a M2 antigen. 

Tl^e entire genomes of the influenza type A and B viruses have been sequenced 
.dthe sequences arepublically available, forexamp,eontheWorldWideWeb,and are 

deposited with GENBANK. h, particular, the DNA sequences of the M2 genes of 
numerous influenza A viruses are known and are readily available (Ito et al. (1991 / 
Virol 55-5491-5498). Active variants of these antigen sequences may also be used m the 
compositions and methods of the present invenUon. Sequences encoding the selected M2 
antigen are typtcally inserted into an appropriate vector (e.g., a plasmid backbone) usmg 
known techniques and as described below in the Examples. 

The sequence or sequences encoding the influenza M2 antigen of interest can be 
obtained and/or preparedusingknownmethods. For example, substantiallypureanugen 

preparationscanbeobtainedusingstandardmolecularbiologicaltools. Thatrs, 
polynucleotrde sequences coding for the above-described antigens can be obtained nstng 
recombinant methods, such as by screening cDNA libraries ftom cells expressing an 
antigen, or by deriving the coding sequence for the M2 ^tigen from a vector kno™ to 
include the s»e. The M2 sequence can also be obtained directly torn the RNA of 
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purified type A influenza vtas. Many influenza vims strains are on deposit wrth the 
American Type Culture Collection ATCC, and yet others are available ftom national and 
international health organizations such as the Centers otDisease Control (Atlanta. GA). 
See, e.g., Sambrook et al., supra, for a description of techniques used to obtatn and 
isolate nucleic acid molecules. Polynucleotide sequences can also be produced 

synthetically, rather ttian cloned. 

Yet another convenient metiiod for isolating specific nucleic acid molecules ,s by 
Ute polymerase chain reaction (PCR). MuUis e, al. (1987) Methods Emymol 151:335- 
350 This technique us« DNA polymerase, usually a thermostable DNA po to 
replicate a desired region of DNA The region of DNA to be repUcated is idennfied by 
ohgonucleotides of specified sequence complementary to opposite ends and opposite 
stands of the desired DNA to prime tire replication reaction. Tlre product of the first 
round of rephcation is itself a template for subsequent replication, flms repeated succe^tve 
cycles of replication resuU in geometric ampUfication of the DNA tragment delimited by the 
primer pair used. 

These same techniques can be used to obtam sequences encoding other mfluenza 

antigens The relative ease of producing and purifying nucleic acid constnrcts facilitates fte 

generation of combination vaccines, for example, polynucleotide vaccine composinons that 

contain one or more nucleic acid molecules contaming an M2 sequence in comtanatton 

with other M2 sequences or fttrther influenza antigen s^uences (sequences encodtng NP. 

HA NA,M1,PB1,PB2,PA,NS1 and/or NS2 antigens). 

once ttte relevant sequences for flte M2 antigens of interest and, alternatively, 

sequences encoding other influenza t^tigens such as HA or NA antigens, have been 

obtained, they can be linked together to provide one or more contiguous nucletc actd 
molecules using standardclomngor molecular biology techniques. More particularly,after 

sequence information for one or more M2 antigens of interest have been obtamed, Urey 
can be combined with each other or with other sequences to fom, a hybrid sequence, or 
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h»d,ed separately. In hybrid sequences, fl.e various antigen sequences can be pos,.,oned 
i„ ^y mourner relative to each o*er, and be included in a single molecule in any number 
ways, for example, as a single copy, r^domly repeated in the molecule as multiple coptes, 
or included in the molecule as multiple tandem repeats or otherwise ordered repeat mottfs. 

Although any number of routine molecular biology techniques can be used to 
constntct such re.,mbi„ant nucleic acid molecules, one convenient method entails usmg 
one or more unique restriction sites in a shuMe or cloning vector (or inserting one or more 
urique restriction sites into a suitable vector sequence) and standard cloning techniques to 
direct the influenza virus M2 antigen sequence or sequences to particular target locations 
within a vector. 

Alternatively, hybrid molecules can be produced syntitetically rather titan cloned. 
The nucl^tide sequence can be designed with the appropriate codons tor flte particular 

host in which flte sequence will he expressed. The complete sequence can to be 
assembled from overlappingoligonucleotidespreparedbystandardmetitods and 

assembled mto a complete coding sequence. See, e.g.. Edge (1981) Nature 222:756; 
Nambair et al. (1984) Science (1984) 223:1299; Jay et al. (1984) J. Biol CUem. 

^^''LetherelevantM2 antigen sequences(and, optionally additional sequences that 

encode otiter influenza antigens) have been obtained or consm^cted, tirey can be inserted 
wo a vector which includes control sequences operably li.*ed to tite inserted sequence or 
sequences, thus providing expression casseties that allow for expression of antigen ,„ v,vo 

in a targeted subject species. 

Typical promoters for mammalian cell expression include the SV40 early 
promoter, a CMV promoter such as the CMV immediate early promoter, the mouse 
mammary tumor virus LTRpromoter, tire adenovirus major late promoter (Ad MLP), and 
other suitably efficient promoter systems. Nonvimlpromoters, such asapromoterdenved 
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ft„™ .he murine ^tallottuoneta gene, may al«, be used for m^alian express.on. 
toducible, repressible o. othe™ise contfoUable promoters may also be used. Typ.cal.y, 
tta„scrip.io„ .ennination and polyadenylata sequences will also be preset, located 3' to 
each translation stop codon. Preferably, a sequence for optimization of initiauon of 
.^slation. located 5' to each coding sequence, is also present Examples of tran^npfon 

.erminator/polyadcnylation sisals include those derived from SV40, as described in 

Sambtook et a... supra, as well as abovine growth hormone terminator sequence. 

totrons, containing splice donor and acceptor sites, may also be designed mto the 

expression cassette. 

to addition, erftancer elements may be included within the expression cassettes m 
order to tncr^e expression levels. Examples of suitable ed,ancers include the SV40 
e.ly gene enhancer (Dijkema et al. (1985) EMBO J. 4:761), me enhancer/promoter 
derived from the long terminal repeat (LTR) of the Rous Sarcoma Virus (Gorman et al. 
(1982) Proc Natl. Acad. Sci. USA 79:6777), and elements derived ftom human or 
murine CMV (Boshart et al. (1985) Cel, 41:521), for example, elements included m the 
CMV intron A sequence. 



Adjuvants 

Although not requinrf, the polynucleotide vaccine compositions of the present 
invention may effectively be used with any suitable adjuvant or combination of adjuvants. 
For example, suitable adjuvants include, without Umitation, adjuvants formed ftom 
almninum salts (alum), such as aluminum hydroxide, aluminum phosphate, alummum sulfate, 
etc- oU-in-water and water-in-oil emulsion foratulations, such as Complete Freunds 
Adjuvants (CFA) and Incomplete Freunds Adjuvant (IFA); adjuvants formed from 
bacterial cell wall components such as adjuvants including lipopolysacoharides (e.g., hp.d 
A or monophosphoryl lipid A (MPL), Imoto et al. (1985) Te,. Len. 26:1545-1548), 
trehalose dimycolate (TDM), and cell wall skeleton (CWS); heat shock protein or 
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derivatives thereof; adjuvants derived from ADP-ribosylating bacterial toxins, including 
diphtheria toxin (DT), pertussis toxin (FT), cholera toxin (CT), the E. coli heat-labile 
toxins (LTl and LT2), Pseudomonas endotoxin A, Pseudomonas exotoxin S, B. cereus 
exoenzyme, B. sphaericus toxin, C botulinum C2 and C3 toxins, C limosum 
exoenzyme, as well as toxins from C. perfringens, C. spiriforma and C. difficile, 
Staphylococcus aureus EDIN. and ADP-ribosylating bacterial toxin mutants such as 
CRM,,,, a non-toxic diphtheria toxin mutant (see, e.g., Bixler et al. (1989) Adv. Exp. 
Med Biol. 251:175; and Constantino et al. (1992) Vaccine): saponin adjuvants such as 
Quil A (U.S. Pat. No. 5,057,540), or particles generated from saponins such as ISCOMs 
(immunostimulating complexes); chemokines and cytokines, such as interleukins (e.g.. IL- 
1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-12, etc.), interferons (e.g., gama interferon), 
macrophage'colony stimulating factor (M-CSF), tumor necrosis factor (TW), defensins 1 
or 2, RANTES, MlPl-a and MIP-2, etc; muramyl peptides such as N-acetyl-muramyl- 
L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-^-alanyl-'^-isoglutamine 
(nor-MDP), N-acetylmuramyl-^-alanyl->^-isoglutaminyl-Manine-2- (1' -T -dipalmitoyl- 
.„-glycero-3 huydroxyphosphoryloxy)-ethylamine (MTP-PE) etc.; adjuvants derived from 
the CpG family of molecules, CpG dinucleotides and synthetic oligonucleotides which 
comprise CpG motifs (see, e.g., Krieg et al. Nature (1995) 374:546, Medzhitov et al. 
(1997) Curr. Opin. Immunol. 9:4-9, and Davis et al. / Immunol. (1998) 160:870-876) 
such as TCCATGACGTTCCTGATGCT (SEQ ID N0:4) and 
ATCGACTCTCGAGCGTTCTC (SEQ ID N0:5); and synthetic adjuvants such as 
PCPP (Poly[di(carboxylatophenoxy)phosphazene) (Payne et al. Vaccines (1998) 16:92- 
98). Such adjuvants are commercially available from a number of distributors such as 
Accurate Chemicals; Ribi hmnunechemicals, Hamilton, MT; GBCO; Sigma, St. Louis, 
MO. Preferred adjuvants are those derived from ADP-ribosylating bacterial toxins, with 
cholera toxin and heat labile toxins being most preferred. Oligonucleotides containing a 
CpG motif are also preferred. Other preferred adjuvants are those provided in nucleic 



23 



APF 40.01 
PATENT 



acid fo», for example nucleic acid sequences «,a. encode chemoKnes and cytolanes. 

.uchasin.erteuHns(e.g...L-l.IL.2.IL-4.IL-5..L-6.n.-7.U.S,IL.,2,e.cO 

in.erfe™ns(e.s.,gan,ain.erfe.n),»ac.phagecolonys.in.u,ati„gfac.o,(^^^^^^ 

necrosis factor (TOF), defensins , or 2, RANTES, MlP.-a and M.P-2 molecules. 

T^e adiuvan. may delivered individually or delivered in a combinaUon of «vo or 
™re adjuvants. In .Ms regard, combined adjuvants may have an additive or a synergisnc 
effec.tapromotin,ades.ed^uneresponse.Asyner^stice.fectisonewbere*eresuU 

aelUevedbycombiningtwoor more ad3„vantsis greater thanone would expectha^by 
n,erelyadding.heres^.acbieved.i.b=acbadJuvantwhenadministeredmd,v,du.,yA 
preferred adju«.tcombinationisanadjuvantderived,tomanADP.ribosylat,ngac.ena. 

roxin and a synthetic oligonucleotide comprising a CpG motif. A particularly preferred 
combination comprises cholera toxin and the oligonucleotide 
ATCGACTCTCGAGCGTrCTC (SEQ ID N0;5). 

unfortunately, a majority of the above-referenced adjuvants are known to be 
H^lytoxic, andarethus generally consideredtootoxicforhumanusCtisforthisreason 

.hat the only adjuvant currently approved for human usage is alum, an aluminum salt 
composition. Nevertheless, a number of dte above adjuvants are commonly used m 
animals and thus suitable for nume„>us intended subjects, and several are undergomg 

adjuvants are preferably rendered into particulate form for .ansdennal delivery ustng a 
powder injection method. Surprisingly, it has been found that adjuvants whtch are 
generally considered too toxic for human use may be rendered into particulate form and 
administered with a powder infection technique without concomitant toxicity problems. 
Without being bound by aparticular theory, it appears that delivery of adjuvants to ^ 
s.in using transdermal delivery methods (powder injecUon), allows interaction w.ft 
Ungerhans cells in the epidermal layer and dendritic cells in the cutaneous layer of the 
3,in Thesecellsa^importantininitiationandmaintenanceofanimmuneresponse. Thus, 
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an enhanced adjuvant effect can be obtained by targeting delivery to or near such cells. 
Moreover, transdermal delivery of adjuvants in the practice of the invention may avoid 
toxicity problems because (1) the top layers of the skin are poorly vascularized, thus the 
amount of adjuvant entering the systemic circulation is reduced which reduces the toxic 
effect; (2) skin cells are constantly being sloughed, therefore residual adjuvant is eliminated 
rather than absorbed; and (3) substantially less adjuvant can be administered to produce a 
suitable adjuvant effect (as compared with adjuvant that is delivered using conventional 
techniques such as intramuscular injection). 

Once selected, one or more adjuvant can be provided in a suitable pharmaceutical 
form for parenteral delivery, the preparation of which forms are well within the general skill 
of the art. See, e.g.. Remington's Pharmaceutical Sciences (1990) Mack Publishing 
Company, Easton, Pemi., 1 8th edition. Alternatively, the adjuvant can be rendered into 
particulate form as described in detail below. The adjuvant(s) will be present in the 
pharmaceutical form in an amount sufficient to bring about the desired effect, that is, either 
to enhance the response against the coadministered antigen of interest, and/or to direct an 
immune response against the antigen of interest. Generally about 0.1 ng to 1000 ^g of 
adjuvant, more preferably about 1 ^g to 500 ^g of adjuvant, and more preferably about 5 
Hg to 300 ng of adjuvant will be effective to enhance an immune response of a given 
antigen. Thus, for example, for CpG, doses in the range of about 0.5 to 50 ^g, preferably 
about 1 to 25 ng, and more preferably about 5 to 20 ^g, will find use with the present 
methods. For cholera toxin, a dose in the range of about 0.1 to 50 ^g, preferably about 
1 ^g to 25 ^g, and more preferably about 5 ,g to 15 ,g will find use herein. Similarly, for 
alum or PCPP, a dose in the range of about 2.5 ^g to 500 ng, preferably about 25 to 250 
,g, and more preferably about 50 to 150 ,g, will fmd use herein. For MPL. a dose in the 
range of about 1 to 250 ,g, preferably about 20 to 150 ng, and more preferably about 40 
to 75 |xg, will find use with the present methods. 

Doses for other adjuvants can readily be determined by one of skill in the art using 
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routine methods. The amount to 
the nature of the M2 antigen. 



administer will depend on a number of 6ctors including 



Administration of Polynucleotides 

Once complete, the polynucleotide constructs are used for nucleic acid 
i^unizationusingstandardgenedehve^protocols. Methods for gene delivety are 
knownintheart. See, fitrtter helow. The nucleic acid molecules of the present inventton 
can thus be delivered either directly to a subiect or, alternatively, delivered e. v,vo to cells 
derived from the subject whereafter the cells are reimplanted in the subject. 

f.„„...„.,»„,l Pharmacenti-»1 Preparations 

Formulation of a preparation comprising the above-described recombinam 
polynucleotide vaccine compositions, with or without addition of an adjuvant compositton. 
can be carried out using standard pharmaceutical formulation chemistnes and 
nrethodologies all of which are readily available to the onlinarily skilled artisan. For 
example, compositions containing one or more nucleic acid sequences (e.g.. present m a 
suitable vector form such as a DNA plasmid) can be combined with one or more 
pharmaceutically a^eptable excipients or vehicles to provide a liquid preparatton. 

Auxiliary substances, such as wetting or emulsifying agents, pH buffenng 
substance and fl,e like, may be present in the excipient or veWcle. These excipients. 
vehicles and auxihary substances are generally pharmaceutical agents that do not induce an 
immune response in the individual receiving the composition, and which may be 
administered without mtdue toxicity. Pharmaceutically acceptable excipients include, but 
are not limited to. liquids such as water, saUne. polyedryleneglycol. hyaluromc actd. 
glycerol and ethanol. Pharmaceutically acceptable salts can also be included therem. for 
example, mineral acid salts such as hydtochlorides, hydrobromides. phosphates, sulfates, 
and the like; and the salu of organic acids such as acetates, propionates, malonates. 
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„,a„dtt,e..e.«isa.sop.fe™a,«n„..e,u.ed,..*ep^^^^^ 

pep.ide,pro.eino,o.he,me«o>ec„,esif*eya..obei„c,udedi.«.evaccme 

Ip„s«io„.Bxa»p.es„ts««aHeca.e.«a.s„ac.as.a.m^^^ 
JouU— ,pha™aceuUca,sradesofdex.ose,suorose.,ac.o.,«eM^^^^^ 
.«oUnos,.o,.d=.«a„,a.d«,ea.e. Ofl,er sui.aHe carrie. incMe, aga. w,mou. 

M^„„.ecu,arweigh.po.ye.hy,e„eslyco.(PEGs),ana— on*e.«.f A^o^s^ 

aL„„ofphan„aoe*a>,yaccep.aH=ex.p.n.,veM.e.a„dau.^^^^^^^ 
available in REMINGTON'S PHABMACEUTICAL SCONCES (MackPub. CO.. NX 

1991) incorporated herein by reference. 

' Certai„faeiiita.orsof„udeicacidup.akea„a/orexpressio„(Wec«o„ 

,,„,.«„,a.e„iOca„a,sobeinc,„dedin.eo„.posi.io.,fo.exa.p,.^ 

. bupivacaine. caMiotoxin and suc.se. and —on faoiU.a.ing veh>c,es such a^ 

,iposo™alon,pidprepa,a.,ons«are»u.i„e>yusedtodeUve.„uc,eicac,dn,o,e^^^^^^^^^^ 

ln,eandneu.ra„iposo„esarew,de,yavaiiabieandwe,i..ownfo.dei,venn,„ucwc 

acidn>o,ecu,es(see.e.....,p— ^ 
,^P^s).Cati„„ic.ipidp«pa,a«onsa«a,s„weUknownveHc,esfo.use.ndebveo,ot 

nucieic acid moiec«.es. Suitable lipid preparations include DOTMA (N-[l-(2,3- 
dioley,oxy)propy,>N.N,N-.rin,e,Hylanunoniu»ciaoride,availableunder*^^^^^^ 
Upofeciin™ . and DOTAP (1.2-bis(oleyloxy)OK«methylarun,„nio,propane) see^^ 
Pellet e. al. ,19B7) Proc. m,. Aca. SO. VSA M:7413-7416. Malone e, aU l > 
Proc mi. Aca,. Sci. USA 86-.6077-6081; US Pa.en.Nos 5.283.1.5 and 5.52^m 
a„db,.en,aUo„a,Publica.io„N„sWO90/110,2.WO9./1550, a.dW0 95/26356 

Xb=secaUonicUp.ds™ayp— beusedinassoeia.onwi.haneu.rall,p.d.forexan,ple 
DOPE(dio,eylphosphaUdyleU,anolamine).S.iUft«herttansfeo,ion-facil«a,^^ 
compositions U>a. can be added to tl,e above lipid or liposonte preparations include 
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spennine derivatives (see, e.g.. International Publication No. WO 93/18759) and 
membrane-penneabilizing compounds such as GALA. Granticidine S and catiomc b.le 
salts (see, e.g.. International PubUcaiton No. WO 93/19768). 

Alternatively, the nucleic acid molecules of the present invention may be 
encapsulated, adsorbed to. or associate, with, particulate carriers. Suitable particulate 
carriers include those derived ftom polymethyl methacrylate polymers, as well as PLG 
microparticles derived fiom poly(lactides) and poly(lactide-co.glycolides). See. e.g., 
Jefferyetal (1993) Ptarm. te. 12:362-368. Other particulate systems and polymers 
can also be used, for example, polymers such as polylysine, polyarginine, polyonrithine. 
spermine, spermidine, as well as conjugates of these molecules. 

The fommlated vaccine compositions will include a polynucleotide contatmng a 
sequence that encodes flte selected M2 antigen or antigens of interest in an amount 
sufficient to mount an immunological respond. An appropriate effective amount can be 
.eadilydetetminedbyoneofsktUintheart. Such an amount will fall in a relatively broad 
range that can be determined through routine trials. For example, immune responses have 
been obtained using as little as 1 ^g of DNA, while in other administrations, up to 2mg of 
DNA has been used. It is generally expected that an effective dose of the polynucleotide 
will faU within a range of about lO^tg to ICKK^g. however, doses above and below thts 
range may also be found effective. The compositions may thus contain from about 0.1% 
to about 99.9«/. of the polynucleotide molecules and can be administered directly to flte 
subject or. altentatively, delivered « viv., to cells derived 6om flte subject, using 
methods known to those skilled in the art 

^Arr.ir.\.ir^i\c^r^ of Con^^entional Preparations 

Once suitably formulated, these vaccine compositions can be administered to a 
subject in vivo using a variety of known routes and techmques. For example, the liquid 
preparations can be provided as an injectable solution, suspension or emulsion and 
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administered via parenteral, subcutaneous, intradermal, intramuscular, intravenous mjection 
using a conventional needle and syringe, or using a liquid jet injection system. Liquid 
preparations can also be administered topically to skin or mucosal tissue, or provided as a 
finely divided spray suitable for respiratory or pulmonary administration. Other modes of 
administration include oral administration, suppositories, and active or passive transdermal 
delivery techniques. 

Alternatively, the vaccine compositions can be administered ex vivo, for example 
delivery and reimplantation of transformed cells into a subject are known (e.g., 
dextran-mediated transfection, calcium phosphate precipitation, electroporation, and direct 
microinjection of into nuclei). 

Cr^oifA Particle Pharmaceutical Preparations 

In one preferred embodiment, the polynucleotide vaccine compositions {e.g., a 
DNA vaccine), whether or not combined with conventional influenza vaccine compositions 
and/or adjuvants are delivered using carrier particles. Particle-mediated methods for 
delivering such nucleic acid preparations are known in the art. Thus, once prepared and 
suitably purified, the above-described nucleic acid molecules and/or adjuvants can be 
coated onto carrier particles (e.g., core carriers) using a variety of techniques known in the 
art. Carrier particles are selected from materials which have a suitable density in the range 
of particle sizes typically used for intracellular delivery from a particle-mediated delivery 
device. The optimum carrier particle size will, of course, depend on the diameter of the 
target cells. Alternatively, colloidal gold particles can be used wherein the coated colloidal 
gold is administered (e.g., injected) into tissue (e.g., skin or muscle) and subsequently 
taken-up by immune-competent cells. 

For the purposes of the invention, tungsten, gold, platinum and iridium carrier 
particles can be used. Tungsten and gold particles are preferred. Tungsten particles are 
readily available in average sizes of 0.5 to 2.0 ^m in diameter. Although such particles 
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effiden.coatingw«hDNA.t™>gs.enn,aypo,e„.iallybeU>xio.ocerUincenw-Go.d 

parades or .iaocr^.a.Hne gold (e... goM powder A,570, available torn Engemard 
Corp Ea.tNewarlc.NJ)«mals„findusew,flr,hepresentme*ods. Goldpar«des 
provi;e™.fonnUyin..(aval.able<^.AlphaChen.icaUl«partidesize.of^ 

available from Degussa. Sou* Platafreld. NJ i. a range of particle sizes including 0.95 
andredueed toxicity. Microcr^.alli.egoldprovidesadiversepar.idesizedis«b„«o„. 

.ypieailyintherangeof 0.1-5 ... However, the irregular surface area of n^crocrystailrne 
gold provides for highly effident coating with nucleic acids. 

A number of methods are known and have been described for coatmg or 
precipitatingDNAorRNAontogoldortungst»part,cles.Mostsuchn,ethods generally 

eonrbine a predetermined amount of gold or tungsten with plasmid DNA. CaC, and 
spermidine. Theresultingsolution is vortexedconthtuallyduritrgthecoati^gp— to 

ensureuniformttyofthereacUonmixmre. After precipitatio„of.henucle.cac,d.thecoated 
parUdes can be transfe^ed to suitable membranes and allowed to dry prior to use. coated 

particular particle-mediated delivery instrmnents. 

PeptidesCeg., an influenza purified subunit vaccine), can also be coated onto 

.uitable carrier particles, e.g. gold or turtgsten. For example, peptides can be attached to 
thecarrierparticlebysimplymixingthetwocomponentsinanempirical,ydete.rn,nedr.^ 

,yammoniumsulfateprecip,tatio„orsolventprecipi.at,onmethodsfamiliartothoseslc.Ued 

cyste,neresidues.„goldhasbeenprevious,ydescribed(Brownetal..*»..c<.<Soc..^ 
,ev,-^. 9:271-311 (.980)). Other methods include, for example, dissolving the pepttde 

antigen i^ absolute ethanol, water, or an a,coh„.water mixmre. adding the solution to a 
quantity of carrier particles, and then drying the mixture under a stream of air or mtrogen 
gas While vortexing Altentatively, the peptide antigens can be dried onto carrier parttcles 
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.,ee„«i<Usa.,o„u„de. vacuum. Oncea.ea,.hecoa.eapanic.esca„be«.sp^^^ 
.UaWesolve„t(e.s.,eU.ylace..= orace.o„e).a.a«n™tea(e..,by— ^ 

provide a substantially tmifotm suspension, 
fill j-lnti" "f-"""^ Particles 

Following their formation, carrier particles coated with the nucleic actd 
preparations and, alten.a,ive.y,adiuvar,tsana/orpeptide.protein,orwho,eorsphtv,r. 

prlarations,car,bedeliveredtoasuhiec.„sinsparticle.n,ediatedde,iverytechn.c,ues. 

Vari:„spartic,eaccelerati„ndevicess*hleforpartic.e-n,edta.eddeliveryare 

..ownhtthe art. artdareall suited foruseinthepraoticeoftheinventionCurrentdevtce 

designs employ an explosivcelectricor gaseous dtschargetopropeUoatedcarrter 

partLtowardtargetcells. The coated carrier particles can themselves he releasahly 
:.ached.oamovahlecarnersheet,orremov.,yattached.oasurfacea,ongw.chag. 

..an,pa3ses,U«,ngtheparticles.i.mthesurfaceandacceler.tingth™.o^^^^^^^^ 
A.,ex=unpleofagaseousdischargedeviceisdescrihedinU.S.Paten.No.5,2 4, 53. An 

explosive-type device is described m U.S. Patent No. 4,945,050. One example of an 
:::cd.sLge-typepartic,eaccelerationapparatns.sdescrihedinU.S.Paten^^^^^^ 
5 ,20657 Anotherelectricdischargeapparatussuitableforusehereintsdescnhedtn 
U.S. patent No. 5,149,655. The disclosure of all of these patents is incorporated heretn 
by reference in their entireties. 

,f desired, these particle acceleration devices can be provide in a preloaded 
condition containing a suitable dosage of the coated carrier particles comprising tite 
polynucleotide vaccine composition, with or without additional influenza vaccme 
^ The loaded swinge can be packaged 

compositions and/or a selected adjuvant component. The loaded syn g 

in a hermetically sealed container. 

The coated particles are administered to the subject to be treated in a marmer 
eompatiblewiththedosase formulation, andinanamountthatwinbeetfectivetobnng 
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about a desired immune response. The amount of the composition to be 
delivered which, in the case of nucleic acid molecules is generally in the range of from 
0.001 to 1000 ng, more preferably 0.01 to 10.0 Mg of nucleic acid molecule per dose, and 
in the case of peptide or protein molecules is 1 ^g to 5 mg, more preferably 1 to 50 Mg of 
peptide, depends on the subject to be treated. THe exact amount necessary will vary 
depending on the age and general condition of the individual being immunized and the 
particular nucleotide sequence or peptide selected, as well as other factors. An 
appropriate effective amount can be readily determined by one of skill in the art upon 
reading the instant specification. 

Partinilate Pharmaceutical Preparations 

Alternatively, the polynucleotides of the present invention (as well as one or more 
selected adjuvant and/or conventional influenza vaccine compositions) can also be 
fomiulated as a particulate composition. More particularly, formulation of particles 
comprising the antigen and/or adjuvant of interest can be carried out using the above- 
described standard pharmaceutical formulation chemistries. For example, the 
polynucleotides and/or adjuvants can be combined with one or more pharmaceutically 
acceptable excipient or vehicle to provide a suitable vaccine composition. 

The formulated compositions are then prepared as particles using standard 
techniques, such as by simple evaporation (air drying), vacuum drying, spray drying, freeze 
drying (lyophilization), spray-freeze drying, spray coating, precipitation, supercritical fluid 
particle formation, and the like. If desired, the resultant particles can be densified using the 
techniques described in commonly owned totemational Publication No. WO 97/48485, 

incorporated herein by reference. 

These methods can be used to obtain nucleic acid particles having a size ranging 
from about 0.01 to about 250 nm, preferably about 10 to about 150 nm, and most 
preferably about 20 to about 60 ^m; and a particle density ranging from about 0.1 to about 
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25 g/cm\ and a bulk density of about 0.5 to about 3.0 g/cm^ or greater. 

Similarly, particles of selected adjuvants having a size ranging from about 0.1 to 

about 250 ^m, preferably about 0.1 to about 1 50 ,m, and most preferably about 20 to 

about 60 ,m; a particle density ranging from about 0. 1 to about 25 ^cm\ and a bulk 
densityofpreferablyaboutO.5 to about3.0g/cm3,andmost preferably aboutO.8 to about 

1 5 g/cm^ can be obtained. 

Single unit dosages or multidose containers, in which the particles may be 
packaged prior to use, can comprise a henoetically sealed container enclosing a suitable 
amount of the particles comprismg the antigen of interest and/or the selected adjuvant (e.g., 
the vaccine composition). The particulate compositions can be packaged as a stenle 
formulation, and the hermetically sealed container can thus be desired to preserve stenhty 
of flre formulation until use in the methods of the invention. If desired, the containers can 
be adapted for direct use in a needleless syringe system. Such containers can take the 
form of capsules, foil pouches, sachets, cassettes, ^d the like. Appropriate needleless 

syringes are described herein above. 

The container in which the particles ^ packaged can further be labeled to identify 
the composition and provide relevant dosage information, h, addition, tire container can be 
labeled with a notice in tire form prescribed by a govermnental agency, for example the 
Food and Drug Administration, wherein tire notice indicates approval by the agency under 
Federal law of the manufacture, use or sale of the antigen, adjuvarrt (or vaccine 
composition) contained therein for human administi-ation. 

AHn,mictrationofP?-*'"'i°"-'"""""sitions 

FoUowmg their formation, the particulate composition (e.g.. powder) can be 
delivers) tiansdermally to the subject's tissue using a suitable transdermal delivery 
techrtique. Various panicle acceleration devices suitable tor ti^sdermal delivery of tire 
substance of interest are known in tire ari, and will find use in tire practice of tire mventron. 
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A particularlypreferred transdenna. delivery system employs a needleless synnge to Are 
solid dntg-containing particles in controlled doses into and throu^ intact skin and ttssue. 
See e g U S Patent No. 5,630,796 to Bellhouse et al. which describes a needleless 
syrmge (also known as "the PowderJect® needleless syringe device"). Other needleless 
syringe configurations are known in the art and are described herein. 

The particulate compositions (comprising the antigen of interest and/or a selected 
adj„vant)ca„ be administered usingatransdennal delivery technique. Preferably.the 

particulate composirions will be delivered via a powder injection method, e.g., dehvered 
ftom a ne^eless syringe system such as those described in commonly owned httemauonal 
Publication Nos. WO 94/24263, WO 96/04947, WO 96/12513, and WO 96/20022, al, 
of which are incorporated herein by refemtce. DeUvery otpariicles from such needleless 
syringe systems is typically practise with particles having an approximate size generally 
»ging from 0.1 to 250 .m, preferably ranging fiom about 10-70 ^m. Particles larger than 
about 250 pm can also be delivered from the devices, with the upper limitation betng the 
point at which the size of panicles would cause untoward damage to the skm cells. 
The actual distance which the delivered patticles will penetrate a targe, surface depends 
upon panicle size (e.g., tire nominal panicle diameter assuming a roughly spherical paritcle 
geometry), panicle denstty. the initial velocity at which the panicle impacts the surface, and 

density and kinematic viscosity of the targeted skin tissue. In mis regard, optimal 
panicle densities for use in needleless injection generally range between about 0.1 and 25 
g/cm' preferably between about 0.9 and 1.5 g/cm', and tnjection velocities generally range 
between about 100 and 3,0W m/sec, or greater. With appropnate gas pressure, pantcles 
having an average diameter of 10-70 ,m c»abe accelerated teough the nozzle at 
velocities approaching tire supersonic speeds of a driving gas flow. 

If desired, these needleless syringe systems can be provided in a preloaded 
condition containing a suitable dosage of tire panicles comprising the antigen of interest 
and/or tite selected adjuvant. The loaded s^nge c» be packaged in a hennetically sealed 
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container, which may forther be labeled as described above. 

Compositions containing a therapeutically effective amount of the powdered 
molecules described herein ca. be delivered to any suitable target tis^e via the above- 
described needleless syringes. For example, the compositions can be delivered to muscle, 
skin, brain, lung, liver, spleen, bone marrow, thymus, hear, lymph, blood, bone caritlage, 
pancreas, Icidney. g^l bladder, stomach, intestine, testis, ovary, utenrs, rectum, nervous 
system eye. gland and connective tissues. For nucleic acid molecules, delivery ts 
preferably to, and the molecules expressed in. terminally diffe^tiated cells; however, the 
molecules can also be delivered to non-differentiated, or partially differentiated cells such 
as stem cells of blood and skin fibroblasts. 

The powdered compositions are admimstered to the subject to be treated m a 
mam^er compatible with the dosage formulation, and in an amount that will be 
prophylactically and/or therapeutically effective. Tire amount of Ute composition to be 
delivered, generally in the range of ftom 0.5 .g*g to 100 ^g*g of nucleic acid molecule 
per dose, depends on the subject to be treated. Doses for other pharmaceuticals, such as 
physiolo^ca. active peptides and proteins, generally range from about 0.1 ,g to about 20 
mg preferably 10 ^gto about 3 mg. T^e exact amount necessary will vary dependmg on 
dreage and general condition of the individual to be treated, the severity of .he condrtron 
being treated, tire particular prep^tion delivered, Are site of administiation. as well as 
other fectors. An appropriate effective amount can be readily determined by one of skrll m 



the art. 



Thus a "therapeutically effective amount" of flte present particulate compositions 
w,U be sufficient to bring about treatment or prevention of disease or condition symptoms, 
and will fall m a relatively broad range that can be determined Utrou^ routine mals. 

Eliciting Immune Responses 

to another embodiment of tire invention, a mefltod for eliciting an immune response 
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agains. a„ influenza virus in a .ubiec. is pn,vided. essence. tt,e method enmils providing 
a polynucleotide vaccine composition, where the compositions contains a nudetc ac,d 
molecule encoding an influenza virus M2 antigen. The nucleic acid molecule is not present 
in a recombinant viral vector. Tlte nucleic acid sequence encoding tire M2 antigen is linked 
to regulatory sequences to pn,vide m expression cassette. «s expression cassette .s then 
provided in a suitable vector, for example a plasmid vector construct. In particular 
embodinrents, tite M2 antigen is an influenza virus M2 polypeptide that preferably contains 
an exti^ellular domain portion subst^tially homologous to the 24mer amino acrd 
sequence of SEQ ID N0:1, SEQ m N0:2, SEQ ID N0:3, or hybrids and combmations 
thereof. 

in one aspect, tire metitod entails administering the vaccine composition to flie 
subject using standard gene delivery techniques fliat are known in Ute art. See, e.g., U.S. 
Patent Nos. 5,399,346. 5,580,859, 5,589,466. Typically, the polynucleotide vaccme 
composition is combined with a pharmaceutically acceptable excipient or vehrcle to 
provide a liquid prepa«tion (as described herein above) and then used as an injectable 
solution, suspension or emulsion for admimstration via parenteral, subcutaneous, 
intradermal, intramuscular, intiavenous injection using a conventional needle and synnge, or 
using a liquid jet injection system. I. is preferred that the composition be admimstered to 
skin or mucosal tissue of the subject. Uquid preparations can also be admmrstered 
topically to skin or mucosal tissue, or provided as a finely divided spray suitable for 
respiratory or pulmonary administration. Other modes of admmistration rnclude oral 
administration, suppositories, and active or passive transdermal delivery techniques. The 
polynucleotide vaccine compositions can alternatively be delivered « Wvo to ceUs denved 
ftom the subject, whereafter tite cells are reimplanted in flre subject. Upon introduction 
into tire subject, tire nucleic acid sequence is expressed to provide M2 antigen ,„ sUu m an 
amount sufficient to elicit an anti-influenza immune response in tire vaccinated subject, ms 
i«responsecanbeahumoral(antibody)response,acellular(CTX)response.orbe 
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characterized as raising both a humoral ar.d a cellular innnur.e response against the 
influenza antigen. 

1, is preferred, however, that the polynucleotide vaocine composition be dehvered 
in particulate form. For example, the vaccine composition can be administered using a 
particle acceleration device which fires nucleic acid-coated micropartides into target 
tissue or transdermallydeUvers particulate nucleic acid compositions. In thts regard, 
particle-mediated nucleic acid immunization has been shown to eUcit both humoral and 
cytotoxic T lymphocyte inmtune responses following cpidennal delivery of nanogram 
quantities of DNA. Pertmer etal. (1995) Kacc« 13:1427-1430. Particle-mrfiated 
delivery techniques have been compared to other types of nucleic acid inoculatton, and 
found markedly superior. Fynan et al. (1995) M J. Immunophamacology 17-.79-83, 
Fynan et al. (1993) Proc. Natl. Acad. Sci. USA 20:11478-11482. and Raz et al. (1994) 
Proc Nail Acad.Sci. t/S^ 91:9519-9523. Such sUtdies have investigated parttcle- 
medrateddeliveryofnucleic acid-based vaccines toboflr superficial skin and muscle ttssue. 

AS described in detail hetein above, particle-mediated methods for dehvertng 
nucleic acid preparations are known in Ae art. Thus, the polynucleotide vaccine 
composition can be coated onto core carrier particles using a variety of tectaiques known 
in the art. Carrier particles are selected from materials which have a suitable density m the 
^ge of particle sizes typically used for intracellular delivery irom a particle acceleratton 
device. The optimmn carrier particle size will, of course, depend on the diameter of the 
target cells. 

These methods can altentatively be modified by coadministration of addttional or 
ancillary components to the subject. For example, a suitable adjuvant component can be 
added to the polynucleotide valine composition or administered along with the vaccne 
composition. In addition, a secondary vaccine composition can be administered, whe«m 
are secondary composition can comprise a fimher nucleic acid vaccine, e.g., a 
polynucleotide encoding an additional influenza virus antigen derived or obtained torn an 
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influenza vims nucleoprotein (NP). neuraminidase (NA), hemagglutinin (HA), polymerase 
(PBl, PB2, PA), matrix (Ml), or a non-structural (M2, NSl, NS2) gene product, or the 
secoridary vaccine composition can comprise a conventional influenza vaccine such as a 
whole virus, split virus, or subunit influenza vaccine. The secondary vaccine compostuon 
can be combined with the polynucleotide vaccine composition to form a single 
composition, or the secondary vaccine composition can be administ^ed separately to ttte 
same or to a different site, either concurrently, sequentially, or separated by a sigmflcant 
passage of thne such as in a boosting step some days after the initial vaccine contposition 

has been administered. 

As above, the secondary vaccine composition and/or the adjuvant component can 
be administered by injection using either a conventional syringe, or using a particle- 
mediated delivery system as also described above. Injection will typically be either 
subcutaneously, epidermally, intradermally, intramucosally (e.g., nasally, rectally and/or 
vaginally), intraperitoneally, intravenously, orally or intramuscularly. Other modes of 
administration include topical, oral and pulmonary administration, suppositories, and 
transdermal applications. Dosage treatment may be a single dose schedule or a multiple 
dose schedule. 

In another aspect, the method entails transfecting ceUs of the subject witti a 
polynucleotide vaccme composition tttat includes one or more recombinant nucleic acid 
molecules having a sequence or sequences encoding one or more influenza virus M2 
antigens (as described herein above). The transfection is carried out under conditions that 
permit expression of tite M2 antigen in the subject, and tire nucleic acid molecules are not 
present in a recombinant viral vector. Expression of ttte M2 antigen m si,u is sufBc.ent to 
elict a prateotive immune response against an influenza virus. Transfection is effected 
using any of the above-described gene delivery techniques, witit particle-mediated delivery 
being preferred, to addition, any of the secondary compositions, vaccine, adjuvant, or 
combinations tiiereof, can be used as described above. 
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F.x perimental 

Below are examples of specific embodiments for carrying out the present 
invention. The examples are offered for illustrative purposes only, and are not intended to 
limit the scope of the present invention in any way. 

Efforts have been made to ensure accuracy with respect to numbers used {e.g., 
amounts, temperatures, etc.), but some experimental error and deviation should, of course, 
be allowed for. 

Rxam ple 1: Plasmid Con struction 

Figure 2 shows the nucleotide sequence 6om RNA segment 7 (that encodes the 

M2 protein) of influenza vints strain A/KagoshimWlO/95 <H3N2). Tlte A^agoshima 
sequence was used as a model to design polymerase chain reaction (PCR) primers to 
facilitate clomng of the mature M2 coding sequence from A/Sydney/5/97 (H3N2). The 
AflCagoshima sequence was t^ed for primer desiga since the sequence of RNA segment 7 
of A/Sydney has not been detemiined. The high degree of conservation among M2 
sequences was expected to facilitate the use of primers designed from a different viral 
strain. 

Since M2 is translated from a spliced RNA, nucleotide positions 27 to 714 in the 
coding region of segmem 7 RNA were spliced out. This is indicated by 4e gap between 
nucleotide positions 26 and 715 in the sequence shown in Figure 2. The region of the 
coding sequence firom segment 7 RNA that encodes the transmembrane portion of the M2 
protein is shown in italics. The underlined sequences at the 5' end (top strand) and 3' end 
(bottom strand) represent the sequences from se^nent 7 RNA that were included in 
polymerase chain reaction (PCR) primers used to generate the complete M2 coding 
sequence. It should be noted that the 5' PCR primer spans the RNA splice site shown m 
Figure 2 to ensme that the intron was cleanly eliminated from M2 coding sequence clones 
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derived by PGR. The 5' and 3' PGR primers used to generate the full-length M2 coding 
sequence clone were as follows: 



5' PGR Primer: 

5.-CCC AAG CTT CCA CCA TGA GCC TTC TAA CCG AGG TOG AAA CAC 
CTA TCA GAA ACG AAT GGG ACT GC-3' (SEQ ID N0;6) 



3' PCR Primer: 

5._<;CC GGA TCC TTA CTC CAG CTC TAT GCT G-3' (SEQ ID N0:7). 

to addition to the M2 derived sequences indicated by underlining in Figure 2. the 5' 
PCR primer contains additional sequences at its 5' end that includearecognition site for 

Hmrfin md a Kozak consensus sequence to facilitate mRNA ttanslation initiation. Also, 
the 3' PCR primer contains additional sequences at its 5' end that includes a rccognttton 

sequence for BamRl- 

Viral RNA was isolated ftom a sample of A/Sydney/5/97 (H3N2) that was grown 
in embryonated chicken eggs. The viral RNA isolation process used standard techniques 
known to those skilled in the art. RNA from this vinrs was used in a reverse transcnptase / 
polymerase chain reaction (RT-PCR) using an RT-PCR kit obtained irom Stratagene (U 
Jolla CA) The RT reaction step was completed by adding 5.9,1 of RNase-free water to 
are^tion tube. To this tube was added 1.0,1 lOX MMLV-RT buffer and 1.0,1 dNTP 
m,x from the kit. Also. 1,1 of A/Sydney/5/97 RNA and 0.6,1 (0.6,g) of 5' primer was 
added The reaction was heated to 65"C for 5 mmu.es to denamre the RNA, after wh.ch 
0.5,1 of reverse transcriptitse from tire kit was added. The reaction was incubated at 
37°C for 15 minutes to complete ttie reverse transcription step. 

The PCR reaction step was completed by addition of the following components to 
anew reaction mbe: 40,1 water, 5,nOXultraHFbufrer6omthekit; 1.0,1 dNTP mix 
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from the kit; 1.0,1 5' primer (1.0,g); 1.0,1 3' primer (1.0,g); 1,1 of the reverse 
transcriptase reaction mix from above; and 1 ,1 Turbo PFU polymerase from the kU. The 
PCR reaction was carried out using the following incubation scheme: 1 minute @ 95°C; 
followed by 30 cycles of (30 sec @ 95°C, 30 sec @ 46°C, 3 min @ 68°C), followed by 
10 minutes @ 68°C. PCR products were electrophoresed on a 2% agarose gel reveahng 
a single DNA band of the expected size of approximately 300 bp. 

The approximately 300 bp band was isolated from the gel and digested with 
Hinm and Bamm in order to generate the necessary sticky ends for insertion into the 
PWRG7077 DNA vaccine expression vector (Schmaljohn et al. (1997) J. Virol. 
71-9563-9569). The pWRG7077 DNA was digested partially with Hindm and 
completely with Bamm to facilitate insertion of the M2 coding insert. The requirement for 
apartialH/nJmdigestionofthevectorwasduetothepresenceofasecondffin^site 

in the Kanamycin resistance marker of this plasmid. TT.e resulting M2 DNA vaccme 
vector was tenned pM2-FL. The restriction map and functional map of this vector are 
shown in Figure 3. The pM2-FL vector contains the immediate early promoter from 
human cytomegalovirus (hCMV) and its associated intron A sequence to drive 
transcription from the M2 coding sequence. This vector also includes a polyadenylatxon 
sequence from the bovine growth hormone gene. 

The amiotated nucleotide sequence of the pM2-FL vector is shown in Figure 4. 
The nucleotide sequence of the complete M2 coding sequence derived by the RT-PCR 
reaction was experimentally determined by standard sequencing methodologies known to 
those skilled in the art. The nucleotide sequence of the remaining part of the vector 
denved from plasmid pWRG7077 was deduced from the known sequence of 
pWRG7077. 

It should be noted that the M2 coding sequence in plasmid pM2-FL differs from 
the known coding sequence of the M2 gene of A/Kagoshim/10/95 at 4 locations as 
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A G:C base pair is found at nucleotide position #750 of the A«agoshima M2 
sequence shown in Figure 2. This position was determined to be an A:T pair in the 
A/Sydney-derived coding sequence inserted into pM2.FL. This nucleotide change results 
iu a Glycine to Aspartic acid change a. amino acid position 21 in the M2 protein. Thts 
change is consistent with .he amino acid alignmen, shown in Figore 1 in whichposrtion 21 
is shown to be variable and that glycine and aspartic acid are the only observed ammo 

acids at this position. 

ATA base pair is found at nucleotide position #815 in the A/Kagoshima M2 
s^uence shown in Figure 2. TWs position was determined to be a C:G base pair in the 
A/Sydney-derived coding sequence inserted into pM2-FL. This nucleotide change results 
in a Phenylalanine to Leucine change at amino acid position #43 of tire M2 protein. Of the 
37 M2 sequences examined ftom the influenza virus sequence database, 7 viruses were 
shown to have a Phenylalanine residue at this location and 30 viruses were shown to have 

a Leucine residue at this location. 

ATA base pair is found at nucleotide position #857 in ti,e A«agoshima M2 
sequence shown in Figure 2. This position was determined to be a C:G base pair in the 
A/Sydney-derived coding sequence inserted into pM2-FL. Tins nucleotide change results 
in a Tyrosine to Histidine change at amino acid position #57. Of the 37 M2 sequences 
examined ftom tire influenza virus sequence database, 12 viruses were shown to have a 
Tyrosine at this location. 24 viruses were shown to have a Histidine at tins location, and 1 
vims was shown to have a glutamine at this location 

A T- A base pair is found at nucleotide position #862 in the A«agoshima M2 
sequence shown in Figtue 2. This position was determined to be a C:G base pair in the 
A/Sydney-derived coding sequence inserted into pM2.FL Tltis nucleotide change does 
not result in any amino acid changes and is tiierefore a silent polymorphism. 

In summary, tire A/SydneyKlerived M2 amino acid sequence difiers from tire 
A/Kagoshima M2 amino acid sequence at only three locations, but agr.es with the 
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majority of M2 sequences in the influenza virus sequence database at these three positions. 
This high degree of similarity is consistent with the high degree of conservation of M2 
sequences among all type A influenza viruses. 

p.an.pl. 7- Tnduc^^^" nf M9-Specifir /Nmibody Responses in Mice 

The following study was carried out in order to assess the ability to generate anti- 
M2 antibody responses using the nucleic acid immunization techniques of the present 
invention. 52^g of the pM2-FL vector was added to 400^1 of 50mM spermidine. 26 mg 
of micron-sized elemental gold particles (lot # 32-0, Degussa Corporation) was added to 
the reaction vessel. Finally, 400^1 of 10% calcium chloride was added while continuously 
agitating the mixture in order to precipitate the DNA onto the gold particles. DNA-laden 
gold particles were collected by centrifugation and washed three times with absolute 
ethanol then resuspended in 3.0ml absolute ethanol. DNA-laden gold particles were 
loaded into 0.5 inch lengths of Tefzel tubing as previously described (see, e.g., U.S. Patent 
Nos. 5,733,600 and 5,780,100, incorporated herein by reference). 

' Six mice received three consecutive particle-mediated DNA immunizations at four 
week intervals in which each immunization consisted of two particle-mediated deliveries of 
PM2-FL DNA coated gold particles. Each delivery contained 0.5mg of gold and l.O^g of 
DNA for a total of Img of gold and l.O^g of DNA per immunization. Gold/DNA 
deliveries were accompUshed using a PowderJect XR-1 particle acceleration device 
(PowderJect Vaccines, hic, Madison, WI) at a helium pressure of 400 p.s.i.. 

Blood samples were collected at the following time points: 4 weeks following the 
first immunization, 2 weeks following the second immunization (2 wk post boost), 4 weeks 
following the second immunization (4 wk post boost), and 2 weeks following the third 
immunization (2 wk post second boost). Sera were analyzed for M2-specific antibody 
responses using an ELISA assay in which 96-well plates were pre-coated with an M2 
synthetic peptide consisting of the following sequence: HN.-SLLTEVETPIRNEWECR- 
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COOH (SEQ ID N0:8). ELISA plates were coated with the M2 peptide overnight at 
4°C using the peptide in phosphate buffered saline (PBS) at a concentration of mg/ml. 
On the next day, plates were blocked with 5% nonfat dry milk in PBS for 1 hour at room 
temperature. Plates were then washed three times with wash buffer (lOmMTris Buffered 
Saline, 0.1% Brij-35). Diluted serum samples were then added to the wells and the plates 
were iiicubated for 2 hours at room temperature. The plates were then washed three times 
with wash buffer. 100^1 of the secondary antibody was then added and plates were 
incubated for 1 hour at room temperature. The secondary antibody consisted of a goat 
anti-mouse IgG (H+L) biotin-labeled antibody (Southern Biotechnology) that was diluted 
1-8000 in PBS/0.1% Tween-20. Plates were washed three times after which a 
streptavidin-horse radish peroxidase conjugate was added at a 1:8000 dilution. Following 
three washes, lOO^tl of TMB substrate (Bio Rad) was added and color development was 
allowed to proceed for 30 minutes at room temperature. Color development was stopped 
by the addition of IN H2SO4 and the plates were read of 450 nm. 

Endpoint dilution titers were determined by identifying the highest dilution of serum 
that still yielded an absorbance value that was two times the background absorbance value 
obtained using a non-immune control sample. M2-specific antibody tUers from individual 
animals, as well as the geometric mean titers are reported below in Table 1 . 100% 
seroconversion was observed following the primary immunization and all animals 
developed an anamnestic or memory response following receipt of the second 
immunization. 
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Mouse # 

1 
2 



4 
5 



TABLE 1 



4 wk post 
prime 

1200 

1200 



1200 



32400 



10800 



Geometric 
mean 



400 



2496 



2 wk post 
boost 1 

10800 

32400 



10800 



97200 



32400 



10800 



22465 



4 wk post 
boost 1 

3600 

10800 



10800 



32400 



32400 



3600 



10800 



2 wk post 
boost 2 

10800 

32400 



97200 



291600 



32400 



10800 



38910 



■ p,^t-^"- Tn.n.,.nitv in Mire immunized with pM2-FL DNA 
The following study was carried out to demonstrate that nucleic acid immunization 
with an influenza virus M2 DNA sequence can be used to provide protective immunity in 
vacanated subjects. More particularly, the study sought to detennine whether vaccmat.on 
in accord^ce with the present invention provides protection from death inalethalinfluenza 

virus challenge model. 

The mice immunized in Example 2 were anesthetized two weeks following the final 
immunization and we« challenged intranasally with 1 x 10> plaque formmg units of mouse- 
adapted A/Aichi/2/68 (H3N2) which is 10 times the lethal dose for mice. Table 2, below, 
shows the percent survival of both the vaccinated (n=6) and non-immunized control (n^) 
animals at various time points following challenge. 
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TABLE 2 



Day Post Challenge 



pM2 DNA-Immunized 

100% (6/6) 
100% (6/6) 
100% (6/6) 



100% (6/6) 
100% (6/6) 



Control Group 

100% (6/6) 
100% (6/6) 
100% (6/6) 



100% (6/6) 
83% (5/6) 



11 



13 



15 
17 



100% (6/6) 



0% (0/6) 



100% (6/6) 



0% (0/6) 



100% (6/6) 



0%(0/6) 



100% (6/6) 



0%(0/6) 



100% (6/6) 



0% (0/6) 



100% (6/6) 



0% (0/6) 



100% (6/6) 



0% (0/6) 



As can be seen in Table 2, while all control animals died by day 7, 100% survival 
was seen in the M2 DNA vaccine test group. Table 3, below, shows the percent weight 
loss in the vaccinated and challenge groups. The average weights of vaccinated and 
control (naive) mice are reported as percentage of starting weight at the time of challenge. 
All vaccinated mice became infected as evidenced by measurable weight loss following 
challenge, but these animals recovered and regained essentially all of the lost weight by the 
end of the experiment. M contrast, non-immunized control animals exhibited accelerated 

weight loss prior to death on days 6 and 7. 

These observations are consistent with M2-specific antibodies being able to limit 
the spread of an infection and protect against disease, while being incapable of blocking 
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the initial infection. Hiese observations are novel and unique in that the M2-specific 
antibodies that provided protection in this case were elicited by induction ofde novo 
production of M2 protein in vivo as a result of a nucleic acid immunization with an 
influenza virus M2 antigen sequence. 

TABLE 3 



m 

4' 

m 



10 



15 



20 



Dav Post Challenge 


pM2 DNA-Immunized 


Control Group 


A 
U 


100.0% 


100.0% 


L 


91.5% 


93.7% 


4 


80.7% 


76.0% 


5 


79.4% 


71.5% 


6 


78.2% 


67.1% 


7 


79.2% 


DEAD 


8 


81.1% 


DEAD 


9 


83.0% 


DEAD 


11 


87.3% 


DEAD 


13 


91.0% 


DEAD 


15 


95.0% 


DEAD 


17 


96.4% 


DEAD 



" of M2-Sn erifir Antibo dy Response in T arpe Animal Model 

The following study was carried out in order to assess the ability to generate M2- 
25 specific antibody responses in large animals using the nucleic acid immunization techniques 
of the present invention. n.e pM2-FL vector was coated onto gold particles as described 
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in Example 2 with the exception that the DNA-to-gold ratio was increased from 2.0 ^g 
DNApermgofgoldto2.5 ^gofDNA per mg gold. DNA-laden gold particles were 
formulated into 0.5-inch lengths of Tefzel tubing as previously described (see, e.g., U.S. 
Patent Nos. 5,733,600 and 5,780,100, incorporated herein by reference). The final 
formulation consisted of 0.5 mg of gold and 1.25 ng of DNA per cartridge. 

Nine 6-week old domestic Yorkshire/Landrace cross pigs were immunized three 
consecutive times at four week intervals in which each immunization consisted of six 
particle-mediated deliveries of pM2-FL DNA-coated gold particles. Each delivery 
contained 0.5 mg of gold and 1.25 ^g of DNA for a total of 3 mg of gold and 7.5 ^g of 
DNA per immunization. Vaccinations were administered bilaterally (3 shots per side) in 
the groin area without prior skin treatment of any kind. Gold/DNA deliveries were 
accompUshed using a PowderJect XR-1 particle acceleration device (PowderJect 
Vaccines, Inc., Madison, WI) at a hehum pressure of 500 p.s.i.. 

/f] Blood sampleWre collected two weeks following the second and third 
in^unizations. Sera Le analyzed for M2-specific antibody responses using an ELISA 
assay in which 96-well Les were pre-coated with an M2 synthetic peptide consisting of 
the following sequence: U-SLLTEVETPIRNEWECR-COOH. ELISA plates were 
coated with the M2 peptidLemight at 4X using the peptide in phosphate buffered 
saline (PBS) at a concentratW of 1 ng/ml. On the next day, plates were blocked with 2% 
bovine serum albumin (BSa\ in PBS for 1 hour at room temperature and were then 
washed three times with washWfer (10 mM Tris-buffered saline, O.P/o Brij-35). Serum 
samples, diluted in 1% BSA / fcs / 0.1% Tween-20, were added to the plates and 
incubated at room temperature L 2 hours. Plates were then washed three times with 
wash buffer. The detection antib\dy consisted of a goat anti-swine / horse radish 
peroxidase conjugate diluted 1:32^0 in PBS / 0.1% Tween-20. After addition of the 
diluted detection antibody, plates wL incubated at room temperature for 60 minutes. 
Plates were again washed three timesWh was buffer and 100 ^1 of TMP substrate was 
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Kates-were-rea-d at 450 nffl.—- 

Endpoint dilution titers were determined by identifying the highest dilution of serum 
that still yielded an absorbance value that was two times the background absorbance value 
obtained using a non-immune control sample. M2-specific antibody titers from individual 
animals, as well as the geometric mean titers are reported below in Table 4. As can be 
seen from these results in Table 4, 100% seroconversion was observed following the fmal 
immunization. No detectable M2-specific antibody responses were observed in non- 
immunized control animals. 



TABLE 4 



Pig# 


Titer (Post Boost 1) 


Titer (Post Boost 2) 


1 


600 


600 


2 


0 


1800 


3 


200 


200 


4 


200 


1800 


5 


0 


1800 


6 


0 


600 


7 


0 


1800 


8 


600 


5400 


9 


0 


600 








Geometric Mean 


13.4 


1104 



Fv;,m p1e 5: Protpi-tive Tmmunitv T ^r pe Animals Immunized with pM2-FL DNA 
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The following study was carried out to demonstrate that nucleic acid immunization 
with an influenza virus M2 DNA sequence can be used to provide protection in large 
animals. More, particularly, the study sought to determine whether vaccination in 
accordance with the present invention provides for accelerated clearance of virus in a large 

5 animal following intranasal challenge. 

The pigs immunized in Example 4 were challenged approximately three weeks 
following the final immunization by intranasal instillation of 2 x 10^ egg infectious doses 
(EIDso) of live A/Swine/Mimiesota/593/99 (1 x 10^ EID^o per nostril). Nine negative 
control animals that were not vaccinated were similarly challenged. Nasal swab samples 

10 were collected on days 2, 4, 6, and 8 following challenge and the titer of virus in each 
sample was determined by titration in embryonated chicken eggs using standard 
procedures known to those skilled in the art of influenza virus growth. The graph depicted 
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!!; in Figure 5 shows the geometric mean levels of virus in nasal swab samples in the 

jii vaccinated and negative control animals. As can be seen by reference to Figure 5, the M2 

DNA-vaccinated animals exhibited an accelerated clearance of virus in nasal swab 
samples relative to controls. This difference was most pronounced on day 6 in which there 
!i! was a 53-fbld reduction in the amount of live virus in vaccinated ammals relative to non- 

vaccinated controls (P=0.021). 

20 Accordingly, novel recombinant nucleic acid molecules, compositions comprising 

those molecules, and nucleic acid immunization techniques have been described. Although 
preferred embodiments of the subject invention have been described in some detail, it is 
understood that obvious variations can be made without departing from the spirit and the 
scope of the invention as defined by the appended claims. 
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